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Introduction 44 45
Echinoids are major components of marine benthic communities and play a 46 critical role both in the production of carbonate sediments and as active bioeroders (e.g. 47 Neumann, 1966; Bromley, 1975; Hoskin et al., 1986; Bak, 1994 Ichnogenus Ericichnus igen. n. Santos 
and Mayoral 151
Etymology From the Latin ēricĭus (sea urchin). 152
Type ichnospecies Ericichnus bromleyi isp. n. 153
Diagnosis Grooves relatively deep, with sinuous pathway, with a width fairly uniform 154 along its trajectory. Often they show points where the path is bifurcated reaching, in 155 these cases, a width which can be the double of the normal diameter. Inside there are a 156 number of lines or marks, more or less pronounced, with a concavity oriented in the 157 animal's direction of movement. 158
Remarks The characteristics of Ericichnus igen. nov. are somewhat similar to those of 159 the ichnotaxon Planavolites Mikuláš 1992 described from the Lower Cretaceous at the 160
Štramberk quarry in Moravia (Czech Republic). However, Ericichnus igen. nov. and 161
Planavolites differ substantially in their general structure and dimensions between 150 162 to 300 cm and 1 to 9.5 cm in lenght, respectivelly. Ericichnus igen. nov. is a system of 163 grooves having concave lines oriented in the animal's direction of movement and 164 presenting a bifurcation model very well defined. By contrast, Planavolites don't 165 exhibits never these characteristics (Mikuláš 1992 , pag. 307, Fig. 6 ). On the other hand, 166 one of the most important distinctions between Ericichnus igen. nov. and Planavolites 167 is the lack of hemispherical depressions associated with Circolites kotoucensis 168 randomly distributed on the lateral margins of the grooves in the latter, for which there 169 is no doubt that echinoids are the producers of Ericichnus igen. nov. 170 171
Ericichnus bromleyi isp. n. Santos and Mayoral 172 Figures 4F-G, 5-7 173
Derivation of name In honour of Richard Bromley, eminent ichnologist and tireless 174 researcher in the search and study of the boring echinoids. 175
Type material All the material studied and illustrated here comes from the 176 "Ichnofossil's cave" (Santa Maria Island, Azores Archipelago, Portugal), and is Late 177
Miocene to Early Pliocene in age. The structures correspond to a highly complex 178 system of grooves recorded on the rocky surface. The type of the newly erected 179 ichnospecies is housed in the Collection of the Department of Biology of the University 180 of the Azores, Ponta Delgada (São Miguel Island, Portugal). 181
Type locality "Ichnofossil's cave", south of Santa Maria Island, Azores. 182
Type horizon Bioclastic sandstones. Touril Complex (See Serralheiro et al., 1987 ; 183 Serralheiro, 2003) . 184
Holotype EM-UH/08-SM001 (Fig. 5A) . 185
Paratype EM-UH/08/SM002 ( Remarks See remarks on the ichnogenus. Currently, the regular echinoid 211
Echinometridae is the only known animal family with members capable of producing 212 such large and prominent depressions or grooves when they forage for food. The 213 species Echinometra mathaei (Blainville, 1825) produces many hemispherical 214 depressions that correspond to Circolites, while E. lucunter (Linnaeus, 1758 ) is an 215 active bioeroder that has an oval external exoskeleton that would fit perfectly in the 216 observed grooves. The sea urchins E. lucunter adopt a sit-and-wait feeding strategy, 217 firmly attached to the walls of the groove in order to capture drifting pieces of algae 218 (McLean, 1967; Hunt, 1969) . The foraging behaviour of Echinometra results in the 219 production of deep grooves with complex networks, almost always intersecting with 220 one another where the density of occupation is high (Asgaard and Bromley, 2006 ). This 221 is in accordance with the presence of subrectangular patterns related with high density 222 of occupation by sea urchins. In the same way, the presence of subtriangular patterns is 223 associated with a low density of occupation. 224
Krumbein and Van der Pers (1974) also noted that Echinus esculentus (Leach, 1942 ) 225 follows a grazing behaviour on the substrate through a meandering course, which 226 creates a fairly sinuous, shallow corridor, and a width equivalent to the diameter of the 227 sea urchin. This groove takes on the ovoid and even cylindrical shape of the cross 228 section of its own test. 229
The effect is that the groove is continually deepening to produce bridge structures and 230 connections with other grooves, which are in this way, projected as branching. pathway. This groove is 2 m long, with 9 to 10 cm width and reaching 4.5 to 6.0 cm 266 depth. Along the groove and in its margins are located several hemispherical 267 depressions (up to 33 specimens) that correspond to Circolites kotoucensis (Figs. 8-9 ). 268
The diameter of these depressions varies from 3. in the rock surface, often up from 5 to 10 cm deep (Otter, 1932; Trudgill, 1988) . This 279 sea urchin is largely confined to rock pools in the middle intertidal zone, but also occurs 280 in the lower intertidal zone. The excavation is achieved by the mechanical abrading 281 action of the teeth and spines, leaving a hemispherical pit (Circolites). 282 Trudgill et al. (1987) concluded that P. lividus is a major factor in pool deepening in the 283 middle intertidal zone. These authors observed that some crevices and joints were 284 widened for protection from wave action. Hence, pool deepening is followed by lateral 285 widening that becomes more significant during the later stages of erosion, but 286 disappears with urchins operating from the center of the exposed pools. This process is 287 consistent with the characteristics observed in this new ichnospecies. A sequence of 288 small pools was developed and widened along a joint oriented NW to SE according to 289 the second more frequent set of regional crevices. Consequently, a protected runnel was 290 produced to minimize desiccation during the few hours of subaerial exposure in the tidal 291 California, USA) ( Table 1) . 323
The large number of references concerning "cup-shaped borings", "bore-holes", 324
"pits", "pot-holes" or "thimble-shaped borings" both in plutonic and volcanic rocks as 325 well metamorphic rocks in the Holocene is extensive ( Table 1 ). The extensive nature of 326 these data suggests this kind of bioerosive structure was overlooked in the fossil record 327 as the presence of Circolites in non-sedimentary rocks may be not as rare as previously 328 thought. In this case, the widespread characteristic feature of bioerosion in so many 329 different substrate types may be related to the boring mechanisms of their producers, 330 which is entirely mechanical and completely dependent on the strength of spines and 331 teeth (John, 1889 in Otter, 1932 ). It appears that rock composition may not so 332 dramatically limit the presence of echinoid borings in non-sedimentary rocks, as was 333 previously thought. 334 335
Ericichnus record in the Holocene 336
As considered above, the presence of these kinds of boring systems is frequently 337 observed in marine environments, nowadays ( A random-walk movement is the foraging strategy adopted for some non-boring 410 sea urchin species, but some rock-boring species (e.g., Diadema spp.) adopt a homing 411 behaviour by returning to their refuge after a foraging trip (Carpenter, 1984 
